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Christos H. Papadimitriou 
 

 
During the past two years I have been doing research in the interface 
between Theoretical Computer Science, Game Theory, and Networking.  
This research was partially supported by the DARPA grant, and was done in 
collaboration with colleagues Scott Shenker (ICSI and Berkeley), Dick Karp 
(Berkeley), students Kunal Talwar and Alex Fabrikant, and visitors Muli 
Shafra (Tel-Aviv University), Vijay Vazirani, and Milena Mihail (Georgia 
Tech). 
 
The Internet is the first computational artifact that was not designed by a 
single optimizing entity (except in the most indirect, architectural sense), but 
emerged from the interaction of various entities, each pursuing its own 
goals.  This fact has two interesting consequences:  First, the Internet is the 
first object of study in the history of Computer Science that must be 
approached the same way other sciences approach their objects of study 
(such as the universe, the cell, the brain, the market):  with humility, and via 
observations, measurements, experiments, and the development and 
validation of falsifiable theories.  Second, since the interaction of selfish 
agents is an important ingredient of the Internet, I am convinced that the 
mathematical tools needed for its successful study are a novel mix of 
algorithmic thinking and mathematical economics, especially Game Theory.  
My work aims at the development of a powerful mathematical methodology, 
informed by both Theoretical Computer Science and Game Theory, which 
will be useful in this study.  Besides its obvious scientific value as a 
contribution to the understanding of an intricate and interesting 
phenomenon, such work, by laying the foundations of a rigorous 
understanding of the Internet, may be valuable at future junctures, when 
complex design decisions must be made. 
 
The observation by Faloutsos et al. that the Internet topology is scale-free in 
a rigorous and measurable sense (in that the degrees of the nodes obey a 
power law) has attracted much attention, and has transformed the practice of 
Internet protocol simulation.  In [1] we extend the work of Carlson and 
Doyle on “Highly Optimized Tolerance” to show that such scale-free 
behavior can arise as a result of multi-criterion optimization, in several 
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contexts.  In a related paper [2] we also explain rigorously another, 
extremely intriguing, observation by Faloutsos et al., namely that the 
eigenvalues of the Internet topology are also power-law distributed. 
Much work by others was spawned by these two papers. 
 
In [3] we explore the possibility of Internet routing via incentives to 
Autonomous Systems to reveal their true routing costs; we show that such 
incentives can be handled with minimal overhead on top of BGP, the current 
inter-domain protocol.  An experimental observation in [3] that, in the real 
Internet, such incentives would not be excessive (contrary to the worst-case 
theoretical predictions) was explained in [4], where we show that, indeed, in 
scalable random graphs similar to the Internet incentives are low in 
expectation.  In the same paper [4] we also establish that Internet-like 
random graphs have the property of expansion; that is, traffic scales linearly 
with growth (as opposed quadratically, as it would be expected from other 
models of sparse graphs).  This may help explain the current apparent 
abundance of bandwidth in the Internet’s core, and may also help illuminate 
the important issue of the Internet’s fault tolerance. 
 
Economic Theory predicts, via the (twice honored by the Nobel prize) 
Arrow-Debreu theorem that the price mechanism is adequate for clearing 
markets.  In [5] and [6] we look at the issue from an algorithmic point of 
view, and prove complexity results establishing that (1) prices can in fact be 
computed efficiently in certain cases, and (2) the problem is difficult to solve 
exactly, but easy to solve approximately, when the goods are indivisible 
(i.e., they must necessarily come in integer-valued quantities). 
 
The idea, put forward in our proposal, that there is a productive research area 
in the interface between Game Theory, Networking, and Theoretical 
Computer Science, has been very influential.  There is now a very active 
field of research in precisely this interface, attracting several dozen of 
researchers from all three fields.  A workshop at Rutgers/DIMACS in 2001 
attracted 60 researchers, while the Berkeley 2002 workshop on Algorithmic 
Approaches to the Sciences contained a very distinguished and well attended 
session on Game Theory and Mathematical Economics.  I am now 
organizing (with Vijay Vazirani and Marek Karpinski) a week-long 
workshop at Dagstuhl (Germany) on the subject with over 50 participants 
(we had to turn away many applicants), where Nobel laureate John Nash will 
speak.   And I was invited to write a paper and a tutorial on the subject for 
my field’s most prestigious conferences [7,8]. 
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[1]  Alex Fabrikant, Elias Koutsoupias, Christos H. Papadimitriou 
“Heuristically Optimized Trade-Offs: A New Paradigm for Power Laws in 
the Internet,” submitted; preliminary version appeared in ICALP 2002. 
 
[2]  Milena Mihail, Christos H. Papadimitriou “On the Eigenvalue Power 
Law,” submitted to SIAM J. on Computing; preliminary version appeared in 
RANDOM 2002. 
  
[3]  Joan Feigenbaum, Christos H. Papadimitriou, Rahul Sami, Scott 
Shenker “A BGP-based mechanism for lowest-cost routing” to appear in 
Distributed Computation; preliminary version appeared in PODC 2002. 
 
[4]  Milena Mihail, Christos H. Papadimitriou, Amin Saberi “On certain 
connectivity properties of the Internet,” submitted to FOCS 2003. 
 
[5]  Xiaotie Deng, Christos H. Papadimitriou, Shmuel Safra “On the 
complexity of equilibria,” to appear in JCSS; preliminary version appeared 
in STOC 2002. 
       
[6]  Nikhil R. Devanur, Christos H. Papadimitriou, Amin Saberi, Vijay V. 
Vazirani “Market Equilibrium via a Primal-Dual-Type Algorithm,” 
submitted; preliminary version appeared in FOCS 2002. 
 
[7]  Christos H. Papadimitriou “Game Theory and Mathematical Economics: 
A Theoretical Computer Scientist's Introduction,” FOCS 2001: 4-8 (invited 
tutorial). 
  
[8]  Christos H. Papadimitriou “Algorithms, games, and the internet,” STOC 
2001 (invited talk). 
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